were also observed. Subsequently, stepwise regression was used to produce two 30-m sprint time prediction models from TM performance (TM1: body mass + TM data and TM2: body composition + TM data) in a validation group (n = 39), and then crossvalidated against another group (n = 39). As no significant differences were observed between these groups, data were combined (n = 72) and used to create the final prediction models (TM1: r 2 = 0.75, standard error of the estimate (SEE) = 0.27 seconds; TM2: r 2 = 0.84, SEE = 0.22 seconds). These final movementspecific models seem to be more accurate in predicting 30-m sprint time than derived peak (r 2 = 0.23, SEE = 0.48 seconds) and mean vertical jump power (r 2 = 0.31, SEE = 0.45 seconds) equations. Consequently, sprinting performance on the TM can significantly predict short-distance sprint time. It, therefore, may be used to obtain movement-specific measures of sprinting force, velocity, and power in a controlled environment from a single 30-second maximal sprinting test.
INTRODUCTION

M
aximal sprinting speed and power are both important measures for anaerobic performance (22) . In developing an exercise prescription and/or setting training goals, athletes are subjected to a variety of laboratory and field assessments that include measures of speed and power. Short distance sprints (,50 m) and vertical jump height are often used as field assessments of speed and power (11) , whereas the Wingate anaerobic power test (WAnT) on the cycle ergometer is considered the "gold standard" for laboratory power measurement (7, 11) . However, there are limitations associated with the use of these measures. Short distance sprints do not provide a measure of power and comparisons between athletes, or testing periods may be affected by differences in track surface and possibly human error associated with timing (different timer, etc.). Power output can be measured directly from the WAnT and calculated through vertical jump performance, however, neither of these tests are movement-specific for many sports. Although power output from vertical jump testing is moderately correlated to short distance sprinting speeds (4, 14, 15, 19) , it alone cannot account for all of the variation when predicting sprinting speed. Consequently, these tests are often performed independently (8, 11, 21, 22, 24, 26) , increasing the time and equipment/facilities/expertise needed for athlete assessment. This could be an issue if there are time constraints associated with team or player assessments. Thus, it would seem to be beneficial to determine a movement-specific speed and power assessment in a single test.
Recently, the Woodway Curve 3.0 nonmotorized treadmill (TM; Woodway, Inc., Waukesha, WI, USA) was developed to simulate sprinting performance in a laboratory setting. The TM has a curved platform, which permits the runner to reach full running velocity using techniques similar to flat surface running. In addition to its ability to measure speed, the TM has built-in force transducers allowing for measurement of lower-body force and power during the sprint. The reliability of a 30-second sprint assessment on the TM to assess power performance in recreationally active men and women has been established, and has also been demonstrated to be significantly correlated (r = 0.56, p , 0.001) to the WAnT (7). Although the reliability of power performance on the TM has been established, the design of the TM requires a kinematic change in locomotion, which becomes more pronounced as the user progresses from a walk, to a jog, and finally to a run compared with this progression on a flat surface (23) . It is unknown whether this kinematic change would affect the ability to relate sprint speeds on the TM to those performed on athletic surfaces (i.e., track, field, or court). Assessing sprint and power performance on the TM may prove to be beneficial for both strength coaches and sport scientists if it can be established that performance output from the TM is related to traditionally measured sprint performance. Thus, the purpose of this investigation was to determine the relationship between force, velocity, and power measures on the TM and 30-m sprint time. A second purpose of this study was to develop a prediction equation using sprinting speed and power values generated from the 30-second maximal sprint on the TM to estimate 30-m sprint performance.
METHODS
Experimental Approach to the Problem
The ability of the Curve 3.0 nonmotorized TM to predict 30-m sprinting performance was assessed in physically active men and women. Participants reported to the human performance laboratory (HPL) on 3 separate occasions.
On the first visit (T1), eligible participants were advised of the purpose, risks, and benefits associated with the study, followed by a familiarization trial on the TM. Previous research in our lab has indicated that 1 familiarization trial on the TM was necessary to obtain reliable measurements of peak power (PP) and force (7). Within 1-2 days of T1, participants returned to the HPL. On this second visit (T2), participants completed a vertical jump assessment followed by another 30-second maximal sprint on the TM. The final visit (T3) occurred within 1 week from T2 in the gymnasium located immediately next door to the HPL, where participants completed three 30-m sprint trials. Figure 1 depicts the timeline for testing during this investigation. Before participation, all subjects were asked to complete a health and activity questionnaire, PAR-Q, and an informed consent after explanation. The Institutional Review Board of the University approved this research protocol, and the approval included a waiver of written documentation of consent. All subjects were free of any physical limitations (determined by health and activity questionnaire) and had been recreationally active (exercised 2-3 times per week). Subsequently, the participants were randomly assigned to either a validation (n = 39; men = 24; women = 15) or crossvalidation (n = 39; men = 21; women = 18) group with no significant differences between the 2 groups in the mean values of all measured variables (Table 1) .
Descriptive Measures
Before physical exertion during T1, anthropometric measurements, including height, body mass, and body fat percentage, were collected. Body mass (60.1 kg) and height (60.1 cm) were measured using a Health-o-meter Professional scale (Patient Weighing Scale, Model 500 KL; Pelstar, Alsip, IL, USA). All body composition measures were performed with a skinfold caliper (Caliper-Skinfold-Baseline, Model #MDSP121110; Medline, Mundelein, IL, USA) by the same investigator using standardized procedures previously described for collecting skinfold measurements from the triceps, suprailiac, abdomen, and thigh (11), and previously published formulas for calculating body fat percentage (%FAT) (13) . Figure 2 illustrates sprinting on the TM. Participants performed a 30-second TM sprint at T1 and T2, which were separated by 1-2 days. Before the sprint, participants performed a 10-minute warm-up consisting of 5 minutes on a cycle ergometer, followed by a 5-minute walk (1.8 m$s 21 ) on the TM interspersed with 3-5 maximal sprints lasting 5 seconds. After a 2-minute rest, participants began one 30-second maximum effort sprint on the TM. The study investigator provided a 5-second countdown and "Go" command. At "Go," participants began a maximal effort sprint for 30 seconds. Participants were verbally encouraged throughout the sprint. Performance data from the 30-second maximal sprint were recorded from force transducers constructed into the TM's platform and analyzed by the manufacturer's computer software (Pacer Performance System XPV7 2.1.07, Innervations, Joondalup WA, Australia). As a determinant of a valid trial, analysis was performed only on trials for which PP was achieved within the first 8 seconds. From each valid trial, time to peak velocity (TPV), PP, peak horizontal force, peak vertical force (PVF), and 10-m time splits for the first 50 m, previously determined to be reliable after 1 familiarization trial (7), were used for statistical analysis.
Maximal Treadmill Sprint Testing
Vertical Jump Power Measurement
After the 5-minute warm-up on the cycle ergometer, participants performed a maximal vertical jump assessment (Uesaka Sport, Colorado Springs, CO). Before testing, each participant's standing vertical reach height was determined by colored squares located along the vertical neck of the device. These squares corresponded with similarly colored markings on each horizontal tab, which indicated the vertical distance (in inches) from the associated square. Vertical jump height was determined by the indicated distance on the highest tab reached after 3 maximal countermovement jump attempts and in accordance with previously described procedures (11) . Peak (PVJP) and mean (MVJP) vertical jump power was determined from a Tendo Power Output Unit (Tendo Sports Machines, Trencin, Slovakia) that was attached to the waist of each participant during the vertical jump assessment. The Tendo unit consists of a transducer attached to the end of the belt, which measured linear displacement and time. Subsequently, the velocity of each jump was calculated and power determined. Test-retest reliability for the Tendo unit in our laboratory has consistently shown R . 0.90.
Sprint Testing
An electronically timed 30-m sprint was used to determine maximal sprinting speed at T3. Before the sprint, all participants performed a dynamic warm-up that included light jogging for 5 minutes followed by several exercises that included body weight squats, walking lunges, walking knee hugs, and walking quadriceps stretch (1 set of 10 repetitions were performed for each exercise). Sprint times were measured using an infrared testing device (Speed Trap II; Brower Timing Systems, Draper, UT, USA) and performed on a hardwood indoor basketball court. Participants were instructed how to begin the sprint from a 3-point stance. Timing began on the participant's first movement and concluded when he/she sprinted past the infrared sensor located 30-m from the starting point. The best of 3 attempts, separated by 2-3 minutes, was recorded as the participant's fastest time.
Statistical Analyses
All data are reported as mean 6 SD. Pearson product-moment correlation coefficients were used to examine the relationships between measurements recorded from the 30-second sprint on the TM, vertical jump performance, and the 30-m sprint. Stepwise regression analysis was then employed to develop 30-m sprint prediction models in the validation and cross-validation groups using (1) body mass and TMderived data (TM1) and (2) body composition and TMderived data (TM2). Additionally, a prediction model from the collected vertical jump assessment was created for comparison with the TMderived equations. In the validation group, it was confirmed whether the regression slope and intercept in the relationship between the estimated and measured sprinting speed values were significantly different from 1 and 0, respectively.
To evaluate the accuracy of the equations, a new set of equations was developed using the same variables in the cross-validation group. Once the equations were cross-validated and no significant differences between the slope and intercept values of regression lines for the validation and cross-validation groups in the relationships between the estimated and measured 30-m sprint values were confirmed (Table 2) , the data from the 2 groups were pooled to generate the final prediction equations. A criterion alpha level of p # 0.05 was used to determine statistical significance. Statistical Software (V. 20.0; SPSS Inc., Chicago, IL, USA) was used for all analyses.
RESULTS
Selected bivariate correlations between TM performance and 30-m maximal sprint can be observed in Table 3 . In respect to anthropometric measures; body mass (r = 20.369; p , 0.001), height (r = 20.501; p , 0.001), lean body mass (LBM) (r = 20.629; p , 0.001), and %fat (r = 0.788; p , 0.001) were all significantly related to 30-m sprint performance, whereas significant relationships were also observed with PVJP (r = 20.479; p , 0.001) and MVJP (r = 20.559; p , 0.001).
Stepwise regression indicated that the time spent covering the distance between 40 m and 50 m (TM40-50) on the TM was found to be the best predictor of 30-m sprint time (R = 0.796; SEE = 0.360 seconds). Therefore, this variable was present in both of the derived equations. The first equation (Figure 3 ) found significant contributions from TM40-50, TPV, and relative peak power (RPP). In relation to actual 30-m sprint, this model resulted in a 0.2% mean difference in sprint time with the ability to explain 75% of the variance. The second equation (Figure 4) , which considered of all of the collected variables except vertical jump performance, differed from the actual 30-m sprint by 0.6% and improved the ability to predict sprinting time by 9%. In this final equation, the significant contributing variables included TM40-50, %fat, TPV, PVF, and 10-m sprint time. The final, cross-validated equations are expressed in Table 4 . Predictive equations were also derived from vertical jump power scores collected at T2. From these scores, 30-m sprint time could be calculated from peak vertical jump power: 5.5332(0.0003 3 PVJP) and mean vertical jump power: 5.7722(0.001 3 MVJP). These data indicated a difference of 0.4% and 24.7% in predicted mean scores from actual 30-m sprint time for the peak and mean power equations respectively. The relationship between vertical jump peak and mean power to 30-m sprint speed is depicted in Figure 5 . The ability for these equations to explain variance was 23% for PVJP and 31% for MVJP with the SE for each estimate being 0.48 seconds and 0.45 seconds, respectively. The combination of both PVJP and MVJP did not significantly add to the prediction equation.
With the least SEE = 0.22 seconds and greatest relationship to 30-m sprint time (R = 0.92), TM2 is the most precise of the derived models, whereas TM1 was the second most precise model (R = 0.87; SEE = 0.27 seconds). Based on these criteria, both of the TM-derived models seem to be more accurate than the vertical jump models for predicting 30-m sprinting time (Table 5) .
DISCUSSION
This investigation set out to determine if maximal sprint performance on the TM was related to 30-m sprint performance. The results of our study indicate moderate-to-strong relationships between 30-m sprint time and several speed and power measures from the TM. Specifically, PP and RPP generated during the TM sprint were both significantly related to 30-m sprint performance. The strongest relationship to 30-m sprint time was found to be the time spent covering the distance between 40 m and 50 m during the 30-second maximal sprint on the TM. Additionally, body mass, height, and lean body mass were negatively related to sprint time, whereas %fat was positively related. Through stepwise regression, 2 prediction models were derived from these relationships. The first of the 2 models (TM1) was able to significantly predict 30-m sprint time using body mass and variables solely obtained from TM performance. The second model (TM2) included these variables in addition to those that described body composition.
Explosive power, as measured from a vertical jump assessment, has been previously shown to predict 10- (14) . Similarly, the derived TM models from this investigation included power measured in both the horizontal and vertical planes. Both of these models possessed stronger relationships to 30-m sprint time, with lesser SEEs, in comparison with the derived vertical jump models. Our results are in support of other investigations (12, 16) that have indicated that power measured in a movement-specific fashion improves the accuracy of sprint time prediction. However, the relationship between power and sprint time after training on the TM remains unknown.
The ability to effectively accelerate on the TM seems to be an important factor in predicting performance to 30-m sprint time. The significant correlation between TPV and 30-m sprint time (r = 20.23) and TPV's inclusion in both prediction models demonstrates that TPV is essential for predicting 30-m sprint time. We found that peak velocity occurred immediately before (TPV = 7.22 6 3.77 seconds), when the participants reached the 40-m distance (7.47 6 0.89 seconds). This is consistent to the distance where peak velocity typically occurs (3, 4) . However, acceleration cannot be assumed to have been achieved similarly on the TM and 30-m sprint. In fact, the best predictor for 30-m sprint time was the time spent covering the 10-m distance that followed peak velocity achievement. Although we did not measure sprinting kinematics in this investigation, this may be related to acceleration difficulties, which have been shown to occur with speed progression on the TM (23) . The inclusion of 10-m sprint time in TM2, along with TPV in both equations, seems to correct for variance in technical ability. Nevertheless, it remains unknown if greater TM familiarity would reduce the variability. Evidence does suggest that technical improvements in sprinting may occur through inclined TM training (17) , despite differences in the mechanics of the 2 modalities (5, 6, 18, 23, 27) ; it is possible that training on the TM may have a similar effect.
The concept that lower-body mass and body composition are predictors for successful sprinting performance is supported directly (10, 25) and indirectly (1, 2, 4, 15, 19, 28) in the literature. In this investigation, significant relationships were found between 30-m sprint time and body mass (r = 20.369; p , 0.001) and body composition (r = 0.788; p , 0.001). Consequently, the derived models were developed based on these relationships. In the first model (TM1), which accounted for 75% of the variance in sprint time, body mass was incorporated through RPP. Although PP had a greater relationship (r = 20.59) to 30-m sprint time, the effect of body mass and/or weight moved must still be accounted for to accurately predict power and ultimately speed (1,2,4,9,15,19,28) . Additionally, body composition also seems to be important during sprinting performance (25) . The inclusion of %fat into the regression analysis culminated in a model that improved predictive ability by 9%. Nevertheless, 16% of variance remains unexplained. Although height was correlated to sprint performance, it did not significantly add to either of the prediction models. Likewise, the effect of leg length and the ratio of leg length to body height, which were not measured, may also play significant roles (20) .
PRACTICAL APPLICATIONS
In a controlled setting, a 30-second maximal sprint on a nonmotorized TM is capable of measuring speed, force, and power that is related to indoor 30-m sprint time. The relationships between these measures to actual sprint time seem to be stronger than the use of a vertical jump power test. The results of this study indicate that the Woodway Curve 3.0 nonmotorized TM can be an effective predictor of sprint speed and sport-specific power. Consequently, a single 30-second maximal sprint may be an alternative to several time-consuming field tests, once athletes are familiarized with the device.
